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Abstract
Background: On October 8, 2005, an earthquake of magnitude 7.6 hit the Northern parts of
Pakistan. In the post-earthquake scenario, overcrowding, improper sewage disposal, contamination
of food and drinking water, hasty surgical procedures, and unscreened blood transfusions to
earthquake victims most likely promotes the spread of infections already prevalent in the area.
Objective: The objective of the study reported here was to determine the prevalence of Human
Immunodeficiency and Hepatitis C viruses (respectively, HIV and HCV) in the earthquake-affected
communities of Pakistan. The samples were analyzed 2 months and then again 11 months after the
earthquake to estimate the burden of HIV and HCV in these areas, and to determine any rise in
the prevalence of these viral infections as a result of the earthquake.
Methods: Blood samples were initially collected during December, 2005 to March 2006, from 245
inhabitants of the earthquake-affected areas. These samples were screened for HCV and HIV, using
immunochromatography and Enzyme-Linked Immuno-Sorbent Assay (ELISA).
Results: Out of 245 samples tested, 8 (3.26%) were found positive for HCV, and 0 (0.0%) for HIV,
indicating the existence of HCV infection in the earthquake-stricken areas. The same methods
were used to analyze the samples collected in the second round of screening in the same area, in
September, 2006 – 11 months after the earthquake. This time 290 blood samples were collected,
out of which 16 (5.51%) samples were positive for HCV, and 0 for HIV.
Conclusion: A slightly higher prevalence of HCV was recorded 11 months after the earthquake;
this increase, however, was not statistically significant. None of the study participants was found
HIV-infected.
Background
Natural disasters generate mass casualty situations within
a very short time [1-3]. Disasters such as earthquakes, tsu-
namis, and floods have an obvious immediate toll on
human life and infra-structure. The gravity of such circum-
stances exacerbates due to the temporary paralysis of local
emergency response and of healthcare services [4,5]. The
issue of post-disaster management and care of the affected
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is equally important in addressing the prevention of infec-
tion and blood-borne diseases [2,6,7].
On October 8, 2005, at 08:50:38 am local time, a major
earthquake measuring 7.6 on Richter scale hit the North-
ern areas of Pakistan. The epicenter of this earthquake was
in Muzafarabad, about 95 kilometers Northeast of Paki-
stan's capital, Islamabad [8] (Fig. 1). As a result of this
earthquake more than 100,000 lives were lost, and over
three million people were left homeless at the mercy of
freezing and harsh Himalayan winter [9].
Traumatic injuries contribute significantly to the mortali-
ties incurred during an earthquake [10-12]. This is later
followed by a significant increase in the transmission and
spread of infectious diseases in the affected areas [13-15].
Conditions that facilitate spread of viral and other infec-
tions intensify in a post-disaster context. Displaced popu-
lations in camp settings are at high risk of infectious
diseases owing to a large array of risk factors including
inadequate shelter, overcrowding, inadequate quantity
and quality of food, poor sanitation, poor personnel
hygiene, economic and environmental degradation, com-
promised heathcare practices, and movement of people
from areas of low to high endemicity [16]. Death rates of
over 60 times the baseline have been recorded among ref-
ugees and displaced people, with over three-quarters of
these deaths caused by communicable diseases [17].
Northern areas of Pakistan affected in the 2005 earthquakeFigur  1
Northern areas of Pakistan affected in the 2005 earthquake. The affected areas are marked in blue. Intensity of blue 
corresponds to the recorded intensity of the earthquake in the area.
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Following the 2005 earthquake in Pakistan, local health
care system in these Northern areas collapsed and help
was summoned from all major cities of the country. Inter-
national aid was also sought by the government, which
was reciprocated significantly by the United Nations, the
Red Crescent Society and other donor agencies. Not only
did these relief organizations provide the necessary field
and camp hospitals, but also offered the much-needed
healthcare services to the affectees of the earthquake.
Emergency health-providing facilities, clinics, operating
rooms and laboratories were established in make-shift
accommodations around the affected area [9].
The afore-mentioned risk factors were very much into play
in the post-earthquake scenario in Northern Pakistan.
Overcrowding of displaced population in camps settings,
improper sewage disposal, contamination of food and
scarcity of drinking water were commonly observed in
these areas. Consequently, outbreaks of acute respiratory
tract infections (ARTIs), scabies, diarrhea and other infec-
tions were recorded in the region [18].
The majority of the patients treated in the immediate
aftermath of the earthquake had been admitted with frac-
tures and injuries sustained during the earthquake [19]. In
concordance with their constrained resources, the make-
shift hospitals and camps offered a multitude of services,
ranging from simple blood transfusions to complex
orthopedic procedures. Therefore, services offered at these
emergency medical facilities were at times unavoidably
compromised. A great influx of patients along with scar-
city of medical personnel and equipment, coupled with
unscreened blood transfusion practices [20], were antici-
pated to promote the spread of blood-borne infections
[20,21].
The objective of this study was to determine if the October
earthquake led to an increase in the prevalence of HCV
and HIV in the affected population. We analyzed random
blood samples for these two infections from the affected
population immediately after, and then 11 month follow-
ing, the earthquake.
Methods
Study design and setting
This was a repeated cross sectional study in which the
samples were initially collected during December, 2005 to
March, 2006, starting six weeks after the earthquake. 245
study participants were recruited for this first stage of sam-
pling. The second round of sample collection took place
in September 2006, 11 months after the earthquake. The
second round had a slightly greater number of partici-
pants, amounting to 290. The samples were collected
from patients admitted to two camp hospitals in Manse-
hra, i.e., Italian Hospital in Mansehra and Saudi Field
Hospital. Majority of these patients were presented with
complaints of bone fractures and other injuries sustained
during the earthquake. Some of the study subjects also
reported to have undergone surgery and/or either received
or donated blood during, or subsequently to, the earth-
quake aftermath.
Study population
The study subjects came from all earthquake-affected
Northern Pakistani regions, including the towns of Bala-
kot, Mansehra, Batgram, Abbotabad, Garhi Habibullah
and Muzaffarabad, among others.
The sample population was composed of patients and
paramedical staff at different field hospitals set up in the
region. These facilities had been established by Italy,
Saudi Arabia and other national and international NGOs.
In order to diversify the sample population, no restric-
tions were imposed while recruiting subjects. Conse-
quently, the sample population included farmers, drivers,
housewives, students, teachers, army personnel, health
workers and others (Table 1).
Specimen collection
Blood samples were collected aseptically in 5 ml red top
vacutainers and left to clot. Sera specimens were separated
after centrifugation, aliquoted into 2 ml Eppendorf tubes
and stored at -20°C until the time for assay.
Ethical issues
A written informed consent was obtained from the study
participants prior to the collection of blood samples. The
following information was given to each participant to
ensure they were making an informed choice: a complete
description of the aims of the study, infectious agents that
were being screened, details of sample collection proce-
dures, potential benefits and risks of their participation in
the study, and assurance of confidentiality of any infor-
mation given as well as of the test results. All donor infor-
mation and test results were kept confidential.
Detection of anti HIV-1 and HIV-2 antibodies
Detection of antibodies to HIV-1 and HIV-2 in the serum
was done by rapid immunochromatography kit (Abbott,
Japan) according to the manufacturer's guidelines. 50 μl
of clear serum was applied to the sample pad with the
help of a pipette and sterile tip. The results were noted
after 15 minutes. Samples were tested twice for confirma-
tion. Samples were retested on ELISA using SD HIV1/2
ELISA 3.0 (Standard Diagnostic, Korea). According to the
information provided by manufacturers, for both the
immunochromatography and SD HIV1/2 ELISA 3.0 tests,
relative sensitivity and specificity were, respectively, 100%
and 99.8%.
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Detection of anti HCV antibodies
Antibodies to HCV were detected using immunochroma-
tography technique (Distinct, USA). According to the
instructions of the manufacturer, 5 μl of clear serum was
applied to the sample well followed by two drops of HCV
buffer (provided in the kit), and the results were read
within 10 minutes. The positive samples were tested twice
for confirmation. Samples were retested on ELISA using
SD HCV ELISA 3.0 (Standard Diagnostic, Korea). Accord-
ing to the information provided by manufacturers, for
both the immunochromatography and SD HIV1/2 ELISA
3.0 tests, relative sensitivity and specificity were, respec-
tively, 96–99% and 99%.
Results
Description of study population
We collected a total of 535 blood samples at two different
time points from the 2005 earthquake victims in the
Northern areas of Pakistan. The majority of the samples
came from Mansehra (81%), Balakot, Abbotabad and
other Northern areas of Pakistan (Fig. 1, Table 1). This dis-
tribution was applicable to both the first and second
round of sample collection.
In the first round, 245 subjects were recruited. Of these,
155 (63.3%) were males and 90 (36.7%) were females,
ratio, 1.7:1 (Table 1). Distribution of the group on the
basis of age (Table 1) revealed that the majority 107
(43.6%) were in the age group 25–50 years. Adequate var-
iability was represented in the samples by having people
from different age groups. Distribution via occupation
(Table 1) revealed a mixed picture; students and teachers
numbered 59 (24%), housewives 55 (22.4%), with farm-
ers, health care workers and others constituting the rest.
In the second round, 290 subjects were sampled. There
were 136 males (46.9%) and a154 females (53.1%), ratio,
0.88:1 (Table 1). Distribution by age was similar to the
first round (Table 1). Distribution by occupation (Table
1) showed the largest portion being composed of house-
wives (33.8%), with students and teachers, and healthcare
workers constituting the rest.
When distribution of the above-mentioned parameters
was examined in the two population samples, Pearson
chi-square test returned p-values showing the two samples
to be significantly different in terms of location, gender,
and occupation, but not age (Table 1).
Prevalence of HCV and HIV in the study population
In the first phase of study, in December 2005, out of the
245 samples, 8 (3.26%) were found positive by ELISA for
Table 1: Distribution of subjects on the basis of Area of Residence, Gender, Age and Occupation
Characteristic Bach A (n = 245) Bach B (n = 290) p-value
Location
Mansehra 185 (75.5%) 250 (86.2%) < 0.001
Abbotabad 03 (1.2%) 15 (5.1%)
Balakot 14 (5.7%) 05 (1.7%)
Batgram 07 (2.8%) 02 (0.6%)
Other areas 36 (14.6%) 18 (6.2%)
Gender
Male 155 (63.2%) 136 (46.8%) < 0.001
Female 90 (36.7%) 154 (53.1%)
Age
1–10 Years 18 (7.3%) 35 (12.0%) 0.166
11–25 Years 88 (35.9%) 105 (36.2%)
26–50 Years 107 (43.6%) 124 (42.7%)
Above 50 Years 32 (13.0%) 26 (8.9%)
Occupation
Army Personals 10 (4.0%) 5.0 (1.7%) < 0.001
Drivers 17 (6.9%) 5.0 (1.7%)
Farmers 38 (15.5) 20 (6.8%)
House Wives 55 (22.4%) 98 (33.7%)
Hospital Staff 30(12.2%) 50 (17.2%)
Students and Teacher 59 (24.0%) 60 (20.6%)
Others 36 (14.6%) 52 (17.9%)
Frequencies for all values are given in parentheses. The p-values were calculated using Pearson chi square test.
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HCV antibodies. Among the positive samples, male to
female ratio was 3.2: 3.3. None of the samples were found
positive for HIV by ELISA.
In the second round of sample collection, 11 months fol-
lowing the earthquake, another batch of 290 samples was
analyzed. 13 of these subjects reported to have been
injured during the earthquake and having received sur-
gery, blood transfusion, and/or other forms of medical
care. Out of the 290 samples analyzed, 16 (5.51%) were
found positive by ELISA for HCV antibodies. This time,
among the positive samples, male to female ratio was 1:2.
Again, none of the samples were found positive for HIV
using ELISA.
In our study, HCV infection was found in the earthquake-
affected areas of Pakistan. The difference in the incidence
of HCV in the two population samples was, however,
found statistically nonsignificant by Pearson chi-square
test (p-value > 0.1).
Discussion and Conclusion
In the present study we have attempted to evaluate the
effects of the earthquake of 2005, in the afflicted commu-
nity residing in the Northern areas of Pakistan. We ana-
lyzed the prevalence, and any potential rise thereof
following the disaster, of blood borne infections in the
earthquake-afflicted communities HIV and HCV infec-
tions were used as indicators of blood-borne infections.
We report here that no cases of HIV were found in the
earthquake-affected areas immediately or 11 months fol-
lowing the disaster. We, however, recorded a 3.26% prev-
alence of HCV in the same population immediately
following the disaster. Slightly higher (5.51%), albeit sta-
tistically non-significant, prevalence of HCV was recorded
11 months after the disaster.
Disasters are considered a major public health concern.
They may cause an unexpected number of deaths, injuries,
or illness in the affected community; may destroy local
health infrastructures, or have adverse effects on the envi-
ronment and the population, increasing the potential risk
for communicable diseases and environmental hazards
that will increase morbidity, premature death, and dimin-
ished quality of life in the future [14,21,22].
The October 8, 2005 Kashmir earthquake caused massive
devastation and a considerable loss of human life. The
healthcare services were hit particularly hard, with most of
the hospice centers being either completely destroyed or
seriously damaged. The affected population comprised
mainly rural inhabitants, where health facilities were
already lacking [23,24]. The quality of healthcare pro-
vided to the earthquake affectees was severely compro-
mised. It has been reported that, the seven major hospitals
in the area, only three had a functional blood transfusion
service [25]. Quality assurance was very much lacking.
Therefore, the risk of transmission for blood-borne infec-
tions in the after-care became an imminent threat.
Prevalence of Hepatitis C and HIV for the Northern parts
of Pakistan is relatively unknown. No study has been con-
ducted in the earth-quake affected region that gives us an
idea of the status-quo regarding these two infections in
particular, and blood-borne infections in general. There-
fore, we undertook to investigate the baseline prevalence
of these infections and then chart out any change that
could be a potential consequence of the earthquake.
The reported Hepatitis C seroprevalence in Pakistan,
determined from a sample over 47,000 individuals from
the city of Islamabad, has been estimated 5.31% [26]. The
only serological study in this direction, published in
2002, that involved the Northern areas of Pakistan
revealed that 4% of healthy voluntary adults were positive
for anti-HCV antibodies [27]. This issue is important
because the risk factors for the spread of blood-borne
infections are more common in the rural, under-devel-
oped Northern areas. The situation concerning HIV is also
very similar. After the incidence of isolated outbreaks
amongst the high-risk populations beginning in 2004, the
need for demographic surveys has become all the more
critical in Pakistan [28,29]. The only survey conducted
amongst the people of the Northern areas reports the HIV
sero-positivity 0.007% [27].
The purpose of this study was to establish a baseline first
for the prevalence of Hepatitis C and HIV in the earth-
quake-affected population. Our analysis of the first batch
of sampling revealed 3.26% of the population positive for
HCV antibodies, and none for HIV. This incidence for
HCV does not vary much from that reported earlier for
other areas of Pakistan. The risk factors for the spread of
HCV in this region; including unsafe injection practices,
poverty, low literacy rate and poor health-seeking behav-
ior have been charted out in the past [30]. The prevalence
of HCV, therefore, was anticipated in these communities
even before the advent of the earthquake.
We found no HIV prevalence in the second batch of sam-
ples collected 11 months after the earthquake, but the per-
centage of HCV positive samples was still found to be
5.51%. This rise in HCV prevalence was, however, not
found statistically significant.
Pakistan has not as yet started experiencing the HIV epi-
demic [31]. Risk factors for HIV spread, particularly una-
wareness, low literacy rate, and practice of homosexuality,
have been recorded in the Northern areas of Pakistan
[32,33]. Moreover, the major bulk of HIV cases in Paki-
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stan is comprised of deported migrant workers from the
Gulf States, a significant proportion of whom are resi-
dents of Northern Pakistan [34]. A complete absence of
HIV cases in our studied population was, therefore, sur-
prising. The fact that our study was not able to detect any
HIV infection may well be a result of the limited populace
that was sampled. More expanded analysis is needed to
truly chart the dynamics of HIV in these areas.
In contrast to HIV, a considerable prevalence of Hepatitis
C was recorded in the earthquake-affected Northern areas.
This observed HCV prevalence may be attributed to a var-
ied mix of factors. The issue of unscreened blood transfu-
sion ranks definitely as the most important contributory
factor. Other factors may include the use of unsterilized
equipment, lack of awareness and widespread illiteracy in
Northern Pakistan. It may be speculated that compro-
mised healthcare and other afore-mentioned factors
related to earthquake will aggravate the transmission and
prevalence scenario in these areas. The slight increase
observed in the two batches studied may be attributed to
the variation in the population samples studied in the two
instances. The two sample populations indeed were sig-
nificantly different according to most of the measured
parameters (Table 1).
At this time, proper guidelines and procedures, imple-
mented urgently, could play a significant role in reducing
the spread of blood-borne infections. Mandatory screen-
ing of blood and blood products before transfusion,
proper sterilization of surgical and dental instruments,
and appropriate disposal of infected materials and dispos-
able syringes are among the issues that need to be empha-
sized [21,35,36].
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
SA carried out all the experimental work and helped in
writing the manuscript. MAR helped with data interpreta-
tion and manuscript writing. AK and AF assisted SA in the
collection of blood samples and in the administration of
questionnaire survey. SUK supervised the work in Manse-
hra and arranged for partial funding. SHA supervised the
work in Karachi, arranged for partial funding and helped
in the writing of manuscript. All authors have read and
approved the final manuscript.
Acknowledgements
This study was partly funded by the University Research Council, Aga Khan 
University, Karachi, the Higher Education Commission, Pakistan, grant 20–
775, and Pakistan Society for Microbiology. Italian Civil Protection Team 
and the Saudi Red Crescent helped us in accessing the earthquake victims 
who participated in this work.
References
1. Ligon BL: Infectious diseases that pose specific challenges
after natural disasters: a review.  Semin Pediatr Infect Dis 2006,
17(1):36-45.
2. Waring SC, Brown BJ: The threat of communicable diseases fol-
lowing natural disasters: a public health response.  Disaster
Manag Response 2005, 3(2):41-47.
3. Alexander D: The health effects of earthquakes in the mid-
1990s.  Disasters 1996, 20(3):231-247.
4. Ukai T: The Great Hanshin-Awaji Earthquake and the prob-
lems with emergency medical care.  Ren Fail 1997,
19(5):633-645.
5. Fan SW: Clinical cases seen in tsunami hit banda aceh – from
a primary health care perspective.  Ann Acad Med Singapore
2006, 35(1):54-56.
6. Aghababian RV, Teuscher J: Infectious diseases following major
disasters.  Ann Emerg Med 1992, 21(4):362-367.
7. Bissell RA: Delayed-impact infectious disease after a natural
disaster.  J Emerg Med 1983, 1(1):59-66.
8. Sheikh MA: Earthquake in Northern Pakistan and AJK.  J Coll
Physicians Surg Pak 2005, 15(11):747.
9. Ahmad K: Quake victims reach help too late to save crushed
limbs.  Bull World Health Organ 2005, 83(12):889-891.
10. Bozkurt M, Ocguder A, Turktas U, Erdem M: The evaluation of
trauma patients in Turkish Red Crescent Field Hospital fol-
lowing the Pakistan earthquake in 2005.  Injury 2007,
38(3):290-297.
11. Peek-Asa C, Kraus JF, Bourque LB, Vimalachandra D, Yu J, Abrams J:
Fatal and hospitalized injuries resulting from the 1994
Northridge earthquake.  Int J Epidemiol 1998, 27(3):459-465.
12. Ellidokuz H, Ucku R, Aydin UY, Ellidokuz E: Risk factors for death
and injuries in earthquake: cross-sectional study from Afyon,
Turkey.  Croat Med J 2005, 46(4):613-618.
13. Howard MJ, Brillman JC, Burkle FM Jr: Infectious disease emer-
gencies in disasters.  Emerg Med Clin North Am 1996,
14(2):413-428.
14. Watson JT, Gayer M, Connolly MA: Epidemics after natural dis-
asters.  Emerg Infect Dis 2007, 13(1):1-5.
15. Pawar AT, Shelke S, Kakrani VA: Rapid assessment survey of
earthquake affected Bhuj block of Kachchh District, Gujarat,
India.  Indian J Med Sci 2005, 59(11):488-494.
16. Wilder-Smith A: Tsunami in South Asia: what is the risk of
post-disaster infectious disease outbreaks?  Ann Acad Med Sin-
gapore 2005, 34(10):625-631.
17. Connolly MA, Gayer M, Ryan MJ, Salama P, Spiegel P, Heymann DL:
Communicable diseases in complex emergencies: impact
and challenges.  Lancet 2004, 364(9449):1974-1983.
18. A forecast of disaster for Pakistan.  Lancet 2005,
366(9498):1674.
19. Vanholder R, Tol A van der, De Smet M, Hoste E, Koc M, Hussain A,
Khan S, Sever MS: Earthquakes and crush syndrome casualties:
lessons learned from the Kashmir disaster.  Kidney Int 2007,
71(1):17-23.
20. Cohen D: Rebuilding from the rubble.  Bmj 2006, 332(7532):10.
21. Chen KT, Chen WJ, Malilay J, Twu SJ: The public health response
to the Chi-Chi earthquake in Taiwan, 1999.  Public Health Rep
2003, 118(6):493-499.
22. Noji EK: The public health consequences of disasters.  Prehos-
pital Disaster Med 2000, 15(4):147-157.
23. Siddiqi K: The Pakistan earthquake: a personal experience.
Lancet 2006, 367(9515):986.
24. McMillan R: The South Asian earthquake: an emergency phy-
sician's perspective.  Cjem 2006, 8(3):174-176.
25. Mujeeb SA, Jaffery SH: Emergency blood transfusion services
after the 2005 earthquake in Pakistan.  Emerg Med J 2007,
24(1):22-24.
26. Khokhar N, Gill ML, Malik GJ: General seroprevalence of hepa-
titis C and hepatitis B virus infections in population.  J Coll Phy-
sicians Surg Pak 2004, 14(9):534-536.
27. Khattak MF, Salamat N, Bhatti FA, Qureshi TZ: Seroprevalence of
hepatitis B, C and HIV in blood donors in northern Pakistan.
J Pak Med Assoc 2002, 52(9):398-402.
28. Shah SA, Altaf A, Mujeeb SA, Memon A: An outbreak of HIV infec-
tion among injection drug users in a small town of Pakistan:
potential for national implications.  J Pak Med Assoc 2006, 56(1
Suppl 1):S77.
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Infectious Diseases 2008, 8:147 http://www.biomedcentral.com/1471-2334/8/147
Page 7 of 7
(page number not for citation purposes)
29. Khan S, Rai MA, Khanani MR, Khan MN, Ali SH: HIV-1 subtype A
infection in a community of intravenous drug users in Paki-
stan.  BMC Infect Dis 2006, 6:164.
30. Muhammad N, Jan MA: Frequency of hepatitis "C" in Buner,
NWFP.  J Coll Physicians Surg Pak 2005, 15(1):11-14.
31. Rai MA, Warraich HJ, Ali SH, Nerurkar VR: HIV/AIDS in Pakistan:
the battle begins.  Retrovirology 2007, 4:22.
32. M H: No safer sex for Pakistan's gays.  Volume 11. World AIDS
Panos: London; 1993. 
33. Khan OA, Hyder AA: HIV/AIDS among men who have sex with
men in Pakistan.  Sex Health Exch 1998:12-13.
34. Shah SA, Khan OA, Kristensen S, Vermund SH: HIV-infected work-
ers deported from the Gulf States: impact on Southern Paki-
stan.  Int J STD AIDS 1999, 10(12):812-814.
35. Campbell S: Communicable disease control during major
emergencies.  Nurs Times 2005, 101(6):30-31.
36. Noji EK: Public health issues in disasters.  Crit Care Med 2005,
33(1 Suppl):S29-33.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/8/147/pre
pub
